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An exploration of the professional competencies required in Engineering Asset 
Management 
 
 
Engineering asset management (EAM) is a rapidly growing and developing field.  However 
efforts to select and develop engineers in this area are complicated by our lack of 
understanding of the full range of competencies required to perform.  This exploratory study 
sought to clarify and categorise the professional competencies required of individuals at 
different hierarchical levels within EAM.  Data from 14 field interviews, 61on-line surveys, 
and 10 expert panel interviews were used to develop an initial Professional Competency 
Framework.  Overall, nine competency clusters were identified. These clusters indicate that 
Engineers working in this field need to be able to collaborate and influence others, complete 
objectives within organisational guidelines and be able to manage themselves effectively.  
Limitations and potential uses of this framework in engineering education and research are 
discussed. 
 
Keywords: engineering education; interpersonal communication; curriculum development.  
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1. Introduction  
Engineering asset management (EAM) is defined broadly as the management of large assets 
within organisations. EAM plays a critical role within many organisations, especially at 
senior levels for a number of reasons. First, as EAM includes total management of all 
physical assets operating within an organisation or system of organisations, it has the 
potential to greatly affect overall organisational effectiveness. Indeed total physical assets of 
even modest-sized companies are often worth millions of dollars; therefore increasing the 
lifespan of large assets by even one or two years can have tremendous financial benefits to 
such organisations (Amadi-Echendu et al. 2010; Hyland et al. 2009). Second, effective asset 
management is crucial to risk management; research indicates that well managed assets are 
less likely to malfunction and therefore less likely to compromise safety of employees.  
It is argued in this paper that effective performance by EAM employees requires a 
combination of technical and professional competencies. Indeed EAM requires expertise in 
the areas of business, engineering and information management (Hyland et al. 2009), and 
employees in EAM are under pressure to deliver cost effective projects in addition to meeting 
compliance and sustainability needs (Koronios et al. 2007).  Furthermore, employees in EAM 
are required to work and lead multidisciplinary teams, solve problems in a collaborative way, 
and communicate technical information to a range of audiences (Scott and Yates 2002).   It is 
important therefore, that those working in the field have a range of professional as well as 
technical competencies. Professional competencies include business and behavioural 
competencies, enterprise knowledge and ‘soft skills’ (Lohmann et al. 2006) or ‘process skills’ 
(Lappalainen 2009). A range of such professional competencies should allow those working 
in this field to adopt a multidisciplinary approach to reach beyond their discipline into all 
areas of the business in order to optimise the use of assets and to effectively manage risks 
(Amadi-Echendu et al. 2010; Hyland et al. 2009).  
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EAM is in a phase of growth and development (Amadi-Echendu et al. 2010), with 
existing or recently established professional organisations working towards the advancement 
of knowledge and practice in EAM (Hyland et al. 2009).  As a result, a body of literature is 
developing regarding the nature and scope of EAM and to some extent documenting the 
competencies and qualifications of people employed in this area.  However, key requirements 
of EAM roles at various levels within the organisation across different sectors within the 
industry remain poorly defined and academic research is still relatively rare (Hyland et al. 
2009) and subject to limitations (Trevelyan and Tilli 2007). Despite a lack of research on 
professional competencies in the specific area of EAM, more general research on engineers 
tends to highlight the importance of professional competencies in this broad area (Passow 
2012; Scott and Yates 2002). However as previously stated, no work identifies the relevance 
of specific professional competencies within the specific EAM field. The present study seeks 
to address this gap in the literature and represents an exploratory investigation that seeks to 
refine our understanding of the professional competencies required in the emerging field of 
EAM. 
 
2. Definition of Engineering Asset Management 
A review of the literature reveals a number of differing definitions of EAM. In this section 
therefore we focus on elements common to most definitions. The majority of literature 
regards  ‘assets’ as physical entities such as plant and equipment; EAM therefore includes the 
decisions, activities and practices for acquiring, operating, caring and disposing of such 
physical  entities (Asset Management Council 2009; European Asset Management 
Committee 2009; The Institute of Asset Management 2008).  The management process 
encapsulates the entire life cycle of physical assets and covers all business decisions made in 
regards to the asset, so that investments made are driven by short and long term business 
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requirements (Asset Management Council 2009; Brint et al. 2009). EAM is therefore a 
multidisciplinary and multi-staged occupational field, involving technical issues of asset 
reliability, safety and performance and financial and managerial tasks (Amadi-Echendu et al. 
2010; Hodkiewicz and Pascual 2006).  This ‘whole of life’, integrated, and systematic nature 
of EAM at all organisation levels is evident in Figure 1. This model from The Institute of 
Asset Management (2008), conceptualises asset management as occurring at various levels 
within an organisation as part of an integrated business model. According to this model, an 
overarching objective of EAM is to work collaboratively across departments to deliver value-
for-money in the long and short time frames and achieve organisational goals. 
----------------------------------- 
Insert Figure 1 about here 
----------------------------------- 
3. Competencies  
Individual workplace competencies can be defined as knowledge, skills, and personality traits 
that collectively influence performance (Boyatzis 1982; Spencer and Spencer 1993).  Having 
proficient levels of relevant competencies should, by definition, improve the likelihood of 
effective performance.  In addition, competencies should be measurable and   trainable 
through training and development initiatives (Lucia and Lepsinger 1999).  
From a human resources management perspective, developing competency models 
allows HR professionals to integrate all of the competencies required for a specific role 
(Mansfield 1996).  The model then informs a range of integrated human resources functions 
within the business, such as recruitment and selection, training and development and 
succession planning (Rodriguez et al. 2002). As an emerging area, knowledge of the 
technical and professional competencies required by personnel in EAM is limited and at 
times conflicting (Hyland et al. 2009; Trevelyan and Tilli 2007).  Competencies required of 
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EAMs are generally outlined in relation to certification and registration requirements and in 
developing educational programs for engineers.  To date, there is a heavy emphasis on 
identifying the technical competencies, even though EAM roles clearly require a blend of 
technical and professional competencies to effectively manage organisational requirements.   
In terms of professional competencies for the broader occupational category of 
Engineering, a recent longitudinal study by Passow (2012) identified a top cluster of 
competencies (teamwork, communication, data analysis, and problem solving) that were 
rated significantly higher than others by recent graduates.  Passow’s (2012) review of 
competency studies across engineering disciplines found that 13 of the 19 studies published 
since 1990 included a balance of technical and professional competencies.  Similarly, an 
earlier study of high performing Australian graduate engineers by Scott and Yates (2002) 
found that a range of emotional intelligence capabilities (Goleman 1998), such as being able 
to contribute effectively to team-based projects, understanding one’s strengths and 
weaknesses, and a willingness to persevere were significant predictors of success. Increasing 
need for these broader professional competencies has prompted calls for restructuring for 
greater breadth in engineering education (King 2012; Lohmann et al. 2006; Sheppard et al. 
2008) and enhancing existing methods of teaching social skills (Emilsson and Lilje 2008). 
For example, the addition of leadership development programs to undergraduate engineering 
curricula (Khattak, Ku and Goh 2012) and for employees in this area (Martin, Maytham, 
Case and Fraser 2005), especially for those in management roles, which itself requires on-
going development (Boyatzis and Kolb 1999; Fasano 2011). 
However, within the relatively new and narrower field of EAM, the situation is 
somewhat different, with industry bodies and professional associations generally establishing 
competency frameworks that are heavily focused on technical skills requirements. Indeed, 
these frameworks typically have no or only cursory inclusion of business skills and other 
5 
 
professional competencies. We argue that this situation is not ideal, as professional 
competencies have clear relevance in this field. For instance, EAM industry standards (Asset 
Management Council 2009) indicate that there is a requirement for EAMs to communicate 
technical information to non-technical audiences in order to gain commitment to a range of 
asset management activities. Indeed this ‘communicative competence’(Ravesteijn et al. 2006) 
is an area that engineering educators have already acknowledged as a weakness in terms of 
curriculum design (Lappalainen 2009).We therefore see a  need to comprehensively identify 
the professional competencies relevant to the field of EAM.    
A thorough analysis of existing EAM competency frameworks further supports our 
suggestion to identify professional competencies.  For example, the competency framework 
for Federal Facility Managers (EAM’s) in the United States (National Research Council 
2008)  was developed around 3 areas of expertise: 
(1) Integrating people, processes, places, and technologies by using a lifecycle 
approach to facilities asset management; 
(2) Aligning the facilities portfolio with the organisation’s missions and available 
resources; 
(3) Innovating across traditional functional lines and processes to address 
changing requirements and opportunities. 
These three areas of expertise require technical, business, and behavioural capabilities 
and enterprise knowledge.   Technical capabilities include knowledge of design and 
construction; facilities related systems and their operations and maintenance; acquisition and 
project management processes; regulations and procedures; information technology and 
building technology; and analytical skills. Business capabilities include strategic planning 
and resource management to support an organisation’s missions.  Behavioural capabilities 
involve the leadership, communication, negotiation, and change management skills required 
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to integrate functions, people, and processes across traditional lines and the capacity to 
innovate within a dynamic operating environment. Finally, enterprise knowledge includes an 
understanding of the facilities portfolio and how to align it with the organisation’s missions; 
of the organisation’s culture, policy framework, and financial constraints; of agency inter- 
and intra-dependencies; and of the workforce’s capabilities and skills (National Research 
Council 2008).  These business and behavioural competencies and elements of enterprise 
knowledge generally constitute what we refer to as ‘professional competencies’ in this paper 
(Lappalainen 2009). 
The importance of professional competencies in EAM is particularly clear following a 
consideration of the seven primary EAM roles indentified in the Asset Management 
Competence Requirements Framework (The Institute of Asset Management 2008). 
According to the framework, EAM roles operate over five hierarchical levels of 
responsibility, identified as: Business Leader; Head of Asset Management; Asset 
Management Planner; Asset Management Team Leader; Asset Management new entrant 
(Graduate with 2 years experience).  Collectively, these roles and levels of responsibility 
reflect the need for personnel working within EAM to be able to apply their technical 
competencies within a broader business context.  They need to work across disciplines and 
organisational areas and to plan effectively given organisational resource and financial 
constraints. Such tasks require additional, professional expertise. 
While scarce in nature some studies have attempted to highlight the types of non-
technical competencies required for EAM. For example, a study conducted by Hyland et al. 
(2009) analysed job postings for engineering asset managers advertised in Australia or New 
Zealand. The study identified three primary skills domains relevant to EAM: information 
management, business management and engineering management.  Interestingly, the business 
management domain included three sub-domains: communication, budgetary skills and 
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strategic planning.  Communication skills included the ability to communicate at a high level 
and to deal with internal and external customers.  Business skills included the ability to think 
strategically, manage and motivate staff, manage contracts and risk and project management. 
Budgetary skills included specific skills relating to forming and following a strict budget. 
Taken together, these three sub-domains provide some insight into the required professional 
competencies. However as noted previously, a comprehensive analysis of professional 
competencies within EAM has not yet been conducted. 
This exploratory pilot study aims to further refine our understanding of the core 
professional competencies required in the emerging field of EAM.  Specifically, our study:  
(a) Sought to clarify and categorise professional competencies required of EAMs, and 
(b) To understand which professional competencies were required at different 
hierarchical levels and how these are manifested. 
 
4. Methods 
A mixed methodology employing three separate pilot studies was employed to investigate our 
research questions: semi- structured interviews, online survey, and expert panel. A mixed 
method design was employed for two reasons. First, the qualitative methods (interviews and 
an expert panel) enabled the capture of rich, contextual, and descriptive information and data 
relevant to EAM careers and competencies. Second, the quantitative method (survey) was 
used to assess the relevant importance of the competencies identified in the interviews across 
a larger sample of asset management and technical personnel. Each method is described 
below.  
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4.1. Semi-structured interviews 
4.1.1. Participants. Fourteen interviews from two case organisations took part in the 
interviews. The case organisations conducted operations within the utility sector: water (N = 
8) and energy (N = 6). Interviewees were stratified according to hierarchical level with 
roughly even representation of graduate/entry, middle management, senior management, and 
executive management employees working in EAM.  
 
4.1.2. Procedure and measures. Partnering organisations arranged for the researchers to 
contact participants to set up a suitable time for the interview. Each interview lasted 
approximately 45 minutes and was conducted in a private office where the employee worked. 
All interviews were recorded and transcribed to enable the researchers to later extract the 
relevant themes.  The interview design was based on the critical interview technique, which 
asks interviewees to think about a specific situation at work (Edvardsson and Strandvik 2000; 
Gremler and Gwinner 2008; Spencer and Spencer 1993). The critical incident technique 
encourages participants to think of a specific incident or phenomenon and deconstruct the 
issues surrounding the incident. It is useful for collecting direct observations of human 
behaviour in such a way as to facilitate their potential usefulness in solving practical 
problems and developing broad psychological principles. Informants are encouraged to talk 
about these incidents instead of answering direct questions. As such, using the critical 
incident technique deemphasizes the inclusion of general opinions about management and 
working procedures, instead focusing on more specific details (Edvardsson and Strandvik 
2000; Gremler and Gwinner 2008). This technique was appropriate for this study as the goals 
were to identify competencies that were present or required to be present at different 
hierarchical levels in the EAM field. Example interview questions included ‘describe to me in 
detail a recent successful situation you handled’, ‘describe to me in detail a recent difficult 
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problem you handled’, and ‘describe to me what you think it takes for someone to do your 
job effectively’. These questions are designed to provide an understanding of the 
competencies that underpin and drive effective performance of the key tasks and 
responsibilities carried out by incumbents within the different levels of EAM. 
 
4.2. Online survey 
4.2.1. Participants. A total of 61 useable responses were received to an online survey of 
engineering asset managers across a variety of sectors and hierarchical levels within 
organisations. Overall, 19% were graduate level, 57% were middle management, 19% were 
senior management, and 6% were executive levels engineers. Fifty-nine percent of the sample 
was aged from 35 to 54 years old and 88% of the sample was male. Participants were based 
in different countries around the world including Australia, Canada, Ireland, Scotland and 
Saudi Arabia.   
 
4.2.2. Procedure. Participants were invited to complete the online survey by invitation for 
the researchers, which was distributed through known industry partners and domestic and 
international peak bodies for engineers and asset managers (such as The Institute of Asset 
Management and the International Society of Engineering Asset Management). The survey 
was located on Queensland University of Technology’s (QUT) secure survey server and 
ethical clearance was received from the QUT Human Research Ethics Committee.  
 
4.2.3. Measures. Measures of professional competencies were assessed based on the 
interview results, Occupational Personality Questionnaire (OPQ) framework higher order 
competencies, and emotional intelligence frameworks. 
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 OPQ Framework. The OPQ (Saville et al. 1996) specifies 32 occupational skill 
dimensions that make up 20 different competencies that cover a broad range of professional 
requirements. Each component of the 20 competencies was assessed in the survey with 
participants indicating the relevance of the competency to their present position on a scale 
from 1 (very little) to 5 (very much). Items included ‘working with people’, ‘deciding and 
initiating action’, and ‘persuading and influencing’.   
 Emotional Intelligence. The interviews identified that certain elements relating to 
emotional intelligence were importance in the daily professional competency-mix of 
engineering asset managers. The relevance of elements of the emotional intelligence 
construct was assessed using the higher order factors reported by Wong and Law’s (2002) 
framework. Items including ‘understanding emotions of others’ and ‘managing my own 
emotions’ were rated on a scale from 1 (very little) to 5 (very much).   
 
4.3. Expert panel 
4.3.1. Participants. The expert panel consisted of ten individuals overall. This panel 
included organisational representatives from human resources and engineering areas from 
organisations that deal extensively in asset management; researchers from human resources 
and organisational psychology fields; researchers from the asset management field; and asset 
management engineers from the utility sector. 
  
4.3.2. Procedure. Following compilation of the interview and survey data, the researchers in 
the panel met to examine the data and produce and draft an EAM Professional Competency 
Framework. This process involved discussion and justification of cluster labels and 
placement of the competencies within cluster. This process further required the researcher 
panel to technically and contextually define the competencies at the different levels of careers 
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(namely early career, team leader, middle manager, senior manager). This process produced a 
fully detailed Professional Competency Framework specifically tailored and documented for 
the four career levels that was then provided to the panel members outside of the research 
team. Each panel member reviewed the framework independently and the feedback was 
collected by the researchers. This feedback was systematically addressed, justified, and 
included within the framework. In situations where the feedback could not be justified for 
inclusion in the framework, the expert was contacted by a member of the research team to 
further discuss and understand the nature of the feedback to ensure its inclusion in the correct 
cluster was appropriate.  
 
5. Results 
Analysis of the semi-structured interviews with case organisations identified several recurring 
themes.  The emerging themes and the materials identified in the literature scan informed the 
design of an online survey for asset management personnel across several industries in 
Australia and overseas.  Data from the survey was analysed and the results compared and 
integrated into the draft professional competency framework. 
 
5.1. Analysis of interview data 
Analytic procedures described by Marshall and Rossman (1999) were used to analyse the 
qualitative data from the semi-structured interviews by forming clusters of emerging themes 
and identifying categories that reflect the data.  Each stage was data driven, using an iterative 
exploratory process to identify themes within the data and to ensure that each category is 
internally consistent and distinct from others (Miles and Huberman 1994). To ensure rigour 
in the analysis, two researchers independently coded and categorised the data. With data 
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coded and categorised, the researchers compared their analyses to identify commonalities in 
coding as well as differences. Using the original transcripts, differences in coding were 
discussed and resolved in terms of the appropriate categorisation. To further ensure 
appropriateness of data categorisation, the researchers presented the results to the remaining 
research team to identify areas for concern. Overall, the analysis of the semi-structured 
interviews with case organisations identified several recurring themes, which represent 
clusters of competencies.  These clusters and descriptions of each cluster are displayed in 
(Table 1) and highlight competencies related to leadership, personal management, teamwork, 
and problem solving as important for EAMs.   
----------------------------------- 
Insert Table 1 about here 
----------------------------------- 
 The first cluster is related to self management/personal effectiveness and refers to 
competencies that facilitate or hinder an individual’s performance at work and abilities to 
deal with the pressures of the job. These competencies are about the individual as opposed to 
the actual task, such as willingness to learn, openness to experience, and understanding 
others' perspectives. Example comments include:  
 So I was always keen to learn about anything and everything. (Male, aged 50) 
I think it was successful because I wasn't reluctant to sort of give it a go. (Male) 
[my team members] ... have certain goals and career aspirations that it’s my 
responsibility to, as best I can, try and facilitate. (Male)  
The achievement and action cluster refers to competencies that are relevant to the 
achievement of the task and initiative that is taken in approaching the job. Example 
comments related to achievement and action include:  
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Being able to motivate the people involved to actually do the work. That was a big 
ask. As is with most things in asset management, the quality of the information is not 
always very good. So with limited information and limited ability to actually go and 
obtain information that was missing.(Male) 
The problem solving cluster refers to the identification and resolution of task- or job-related 
problems that require analysis and conceptualisation to resolve. Additionally, this cluster was 
characterised by competencies related to the seeking of information and appropriate use of 
expertise. An example of a participant response is: 
Recognising I suppose the scope of the problem in the first instance, clearly defining 
that in a document, informing management in relation to what it was that was the 
issue. What we were going to do to address it and giving them the timeframe so that 
they could then have those negotiations with the client to get agreement.(Male) 
Comments were also made with respect to influence and persuasion. This cluster of 
comments and competencies was related to managing or dealing with others in the 
achievement of individual, team, and organisational goals. This set of competencies revolved 
around understanding the environment, others, and clients, as well as have impact and 
influence. Example comments in this cluster include:  
There’s probably some communication skills both in terms of being able to write 
highly technical issues for non-technical audiences, and being able to present and talk 
to that. That’s probably one of my biggest challenges.(Male) 
Engineers predominantly tend to be highly focused on their own area of expertise.  If 
you stand back from that and say, how do we manage the business, then you have to 
have strong leadership in terms of how you manage it.  You have to be technically 
competent so that you're making, you know, well-rounded decisions about cost versus 
performance.(Male) 
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Teamwork and team leadership were also revealed as a cluster in the data. This cluster was 
characterised by competencies that emphasized working in a cooperative manner to achieve 
team-level outcomes. Example comments include:  
I’m not going to be naïve to think that I know everything and I’m the font of all 
knowledge. It’s people you work with that is the success of everything. (Male) 
I think it’s important in this position that I understand the skill sets that my team 
members bring to the party.(Male) 
The final cluster to emanate from the data was related to enterprise leadership. This cluster 
captured competencies that revolved around stakeholder engagement and having an 
understanding of strategic objectives and priorities. A participant comment includes:  
In my role, I’ve got to be able to jump from a strategic level of thinking about, well, 
it’s not just about say this pump is broken, what are we replacing it with; but asking 
strategically: do we actually need that pump in the first place, or is there a 
reconfiguration of the overall system we could come up which would give us a better 
outcome in the longer term?(Male) 
I think the audience has changed as I’ve gone through my career. Thinking back, 
when I was a design engineer, fairly early on, for example, I was a design engineer 
within a team developing a new irrigation area. That included the design of farm 
layouts and all those sorts of thing. We had to present those outcomes to a review 
committee. So that was presenting a design to a very non-technical group. But it was 
very much explaining fairly basic things to that group, whereas now my audience is 
probably more like the board or ministers or whoever. (Male) 
 
5.2. Survey 
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As interviews were conducted with a cross section of employees at different levels of their 
career the researchers were able to identify and define what each competency meant at what 
level, but only to some extent. To address these gaps and to further quantify and identify 
competencies relevant to EAM a survey incorporating the competency clusters identified and 
a broad spectrum of additional competencies identified as important by the OPQ framework 
was conducted. Additionally, elements relating to emotional awareness were incorporated 
into the survey based on the theme relating to self management and personal effectiveness. 
As per (Table 2), this survey enabled a finely tuned identification of potentially relevant 
competencies at different EAM career levels.  
----------------------------------- 
Insert Table 2 about here 
----------------------------------- 
 
5.3. Career framework development - expert panel 
Overall, the results of the interviews and survey identified a considerable number of 
competencies and clusters of competencies that could inform the development of a 
competency framework specifically for EAM. Through a process of review by the research 
team, the following competency framework was developed and distributed to an expert panel 
for review and commentary with respect to context applicability and appropriateness. The 
feedback from the panel informed slight changes to the inclusion of specific competencies in 
different clusters and the descriptions the specific competencies in the context of EAM. The 
resulting professional competency framework for personnel in EAM includes nine 
competency categories. The first seven categories are mapped across organisational levels of 
responsibility for asset management used in this project: 
(1) Asset management new entrant,  
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(2) Asset Management Team Leader (First line supervisor/ middle level engineer),  
(3) Asset Management Team Leader (Senior Engineer) and  
(4) Head of Asset Management.  
The final two categories (Emotional Intelligence and Coping with Pressure) are 
considered to be foundational in that they are expected to be held by personnel at all 
levels of responsibility for EAM. 
----------------------------------- 
Insert Table 3 about here 
----------------------------------- 
6. Discussion 
The present study aimed to clarify and categorise professional competencies required of 
EAMs at different hierarchical levels and how these are manifested.  Based on qualitative and 
quantitative enquiry and an iterative process, this exploratory research has produced three 
unique outcomes of relevance to EAM. First, this study informed the content of 'soft skill' 
competencies and broader clusters of these competencies as they apply to EAM. Second, this 
study identified the relative importance of different competencies at different EAM career 
levels. Last, the present research has produced an initial Professional Competency 
Framework for EAMs with contextually relevant descriptions of the competencies as they 
apply to EAM. Overall, this study represents the first focussed investigation aimed solely at 
the identification of professional competencies within the context of EAM.  Moreover, this 
study has identified and described the nature of these professional competencies at different 
levels of careers within EAM.    
From a theoretical perspective, this study has contributed to the understanding of 
professional competencies required in EAM beyond previous literature.  Indeed, previous 
research has identified that there should be a balance between technical and professional 
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competencies in the framework. However, very little empirical work has been conducted to 
address the issue. In this study, the interview component of the study identified six key 
clusters of competencies as they relate to the soft (or professional) skills of EAMs. These 
clusters included self management/personal effectiveness, achievement and action, problem 
solving, influence and persuasion, teamwork and leadership, and enterprise leadership. 
Indeed, this study expands Hyland et al.'s (2009) research that found evidence for only three 
broad areas of professional expertise.  
We further tested the relevance of these clusters and related competencies using two 
frameworks that incorporated the competencies and factors identified from the interviews:  
the Occupational Personality Framework (Saville et al. 1996) and Wong and Law’s (2002) 
Emotional Intelligence Framework. Following expert review of these findings the present 
study found that there were, in fact, nine professional competency categories.   These 
professional competency categories suggest that those working in EAM need to manage 
themselves effectively (e.g., self-management, emotional awareness and coping with 
pressures), collaborate and influence others, (influence and persuasion, communication, 
strategic leadership), and complete objectives within organisational guidelines (problem-
solving, achievement and action, corporate and social responsibility).  Furthermore, the 
findings suggest that there are two professional foundation competencies consistently 
required at all levels of the career path (emotional awareness and coping with pressures), with 
the emphasis on other competencies, such as strategic leadership, increasing at more senior 
career levels.   These findings take the literature from a broad understanding of professional 
competencies to a more specific professional competency identification and categorisation 
framework. Moreover, these findings represent a response to calls for research that identifies 
professional competencies for EAMs (see Passow 2012; Scott and Yates 2002). In addition to 
identification and classification of professional competencies for EAMs, this study has 
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highlighted how the identified competencies manifest at different levels of career hierarchy. 
Indeed, previous research relating to engineers more generally (e.g., Fasano 2011; King 
2012) has called for further specification of not only the type of competency but also what is 
required at what hierarchical level. Our study, while focussed on the field of EAM specifies 
what is expected with respect to the identified professional competencies at four different 
levels of career progression. No other researchers, within engineering or EAM, have 
identified and matched professional competencies to a career framework.  
Considering the professional competencies from a career perspective, our findings 
support the view that as EAM professionals progress into more senior positions, broader 
management skills are required.  This pattern is similar to other professions. However, our 
findings indicate that while these broad management skills are necessary for effective 
management of a wider range of stakeholders at more senior levels there is a need for a 
technical engineering type of background in order to operate effectively within the 
engineering asset management context.  This blend of technical and managerial competencies 
was seen as crucial in order to influence, persuade and inform others about the significance of 
asset management decisions.  From an educational perspective, the need for broader 
management skills (e.g. strategic leadership) due to career progression has implications for 
undergraduate and postgraduate programs.  Undergraduate programs should develop 
students’ awareness of these broader management skills (Martin et al. 2005) and provide the 
opportunity to apply this knowledge, while postgraduate programs can build on these 
concepts by providing more relevant opportunities to apply these skills at a time when the 
skills are in higher demand in the student’s career.   
There are a number of practical applications and benefits relevant to the proposed 
pilot Professional Competency Framework.  First, it will provide guidance for those involved 
in the recruitment and selection and on-going development of engineers working in this field.  
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For instance, recruiters will be able to more rigorously assess applicant suitability for the 
roles that are filling by behaviourally anchored rating scales devised for the categories 
depicted by the framework.  Second, the framework will assist with on-going development in 
the workplace. For instance, the framework can assist with the identification of skills’ gaps 
and subsequently inform tailored training and development plans. Furthermore, the 
framework can be used to assist performance management as well as succession planning 
within organisations.  Third, in a university and tertiary education context the framework 
could inform curriculum development and the shaping of graduate capabilities.  
The need to develop both technical and professional competencies in undergraduate 
engineering programs has been acknowledged by other researchers (Lappalainen 2009; 
Passow 2012; Scott and Yates 2002). EAM is not exempt from this identified caveat. The 
framework proposed in this paper may assist in enhancing existing curriculum as it provides 
specific details of the required professional competencies in EAM.  Importantly, this 
information is useful from the University’s perspective in terms of designing both formal and 
informal opportunities to develop these competencies in a supportive environment, and also 
from the student’s perspective in terms of making it clear at the outset that being a successful 
engineer in practice requires the development of a broad set of competencies.  As Scott and 
Yates (2002) found in their study of high performing engineering graduates, these 
professional competencies are very important for early career success and these can be 
learned as part of the overall university experience.  We advocate, as have others in the field 
(Khattak et al. 2012; Martin et al. 2005; Passow 2012), for the inclusion of professional 
competency as an overall learning goal that is applied across all engineering  programs, as 
well as incorporating the opportunity to develop these competencies into the curriculum 
design. For example, a University’s strategy to develop these areas needs to include formal 
and informal opportunities such as creating greater opportunities for networking, team-based 
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projects, encouraging collaborative relationships, providing feedback to peers, relating 
‘technical information to a non-technical person and checking their understanding’(Scott and 
Yates 2002). Together with a greater emphasis on real-world assessment tasks and problem-
based approaches to learning (Khattak et al. 2012) these approaches assist in developing a 
more well-rounded professional who is better equipped to meet the demands of their 
profession.  
From a student’s perspective, providing a realistic job preview (Wanous 1973) in the 
form of a technical and professional competency framework would help to ensure that 
students understand that a successful engineering career requires the development of both 
technical and professional competencies (Lappalainen 2009; Lohmann et al. 2006; King 
2012; Passow 2012; Scott and Yates 2002).  Students can then understand the rationale and 
value of the educational activities and processes that have been designed to develop their 
capabilities in both areas.  Making the aims of these activities explicit (Scott and Yates 2002) 
helps to establish the relevance of these activities, creating a ‘the need to know’ element that 
helps students focus on important material (Felder et al. 2000).  The relevance of professional 
competencies can be further reinforced through industry placement programs and mentoring 
relationships, as evidenced in leadership development programs for engineers (Khattak et al. 
2012), and by establishing mentoring relationships with part-time students who are also 
working in industry (Davies and Rutherford 2012).  Collectively, these strategies will assist 
in improving the quality of engineering education in regards to these professional 
competencies. 
 
7. Limitations and future directions 
A number of limitations and future research investigations are provided by this study. First, 
while this study employed mixed methods, it should be noted that both the qualitative and 
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quantitative investigations were cross-sectional in nature.  Research conducted at one point in 
time can be subject to unstable occasion factors (e.g., mood states, dispositional and 
contextual variables), which can influence results (see Podsakoff and Organ 1986).  A design 
that assesses competency perceptions and requirements at different points in time should be 
employed in future research to enable reduction of common method variance. 
Second, all results are based on individual perceptions from a relatively small sample.  
As such, the results of this study are limited in their generalisability to other situations.  
While we have subjected the developed framework to expert review, it will be necessary to 
further validate the framework in a broader sample. Further research should be conducted 
with a large variety of EAMs in different infrastructure contexts and also in more countries 
around the world. This research will further support the stability of the framework and 
highlight cross-cultural differences that may be relevant.  
 
8. Conclusions 
Using a mixed method research design including interviews, survey, and an expert panel, this 
research explored professional competencies within the emerging field of EAM. Ultimately, 
this research has developed an initial Professional Competency Framework for EAMs and 
identified and described the nature of these professional competencies at different career 
levels.  The resulting Professional Competency Framework provides specific details about the 
‘soft skills’ that are seen as critical in the development of engineers in the field of EAM.  The 
nature of these professional competencies and the importance placed on them by those 
working in the field of EAM highlight the need to integrate these into recruitment processes 
and educational programs.  
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Figure 1.  Life cycle activities and levels of an asset management system(The Institute of Asset 
Management, 2008). 
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Table 1. Competency themes from interviews. 
Cluster Description Competencies 
Self Management/ 
Personal 
Effectiveness 
Competencies that impact on the 
effectiveness of the individual’s work 
performance and ability to deal with 
pressures and difficulties that emerge in 
their job.  
Self confidence, flexibility, 
understanding others’ perspectives 
and motives, willingness to learn, 
openness to experience.   
Achievement and 
action 
Competencies directed towards task 
completion 
Order and quality (to reduce 
uncertainty), achievement 
orientation (achieving high 
standards), initiative (taking 
action, dong more than expected). 
Problem solving Competencies that contribute to the 
identification and resolution of problems 
that are dealt with as part of the job. 
Conceptual thinking (ability to put 
pieces together), analytical 
thinking (breaking problem into 
smaller pieces), information 
seeking, use of expertise. 
Influence and 
persuasion 
Competencies directed at others in order 
to achieve individual and collective goals 
Organizational awareness 
(understand power relationships), 
customer orientation, relationship 
building (networking), impact and 
influence.  
Teamwork and 
team leadership 
Competencies that reflect the intention to 
work cooperatively with others. 
Team work and cooperation, team 
leadership, developing others.   
Enterprise 
leadership 
Competencies related to the strategic 
positioning of the division in the 
organisation and engagement with 
stakeholders to contribute to meeting the 
strategic objectives 
Engaging stakeholders, strategic 
positioning.  
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Table 2. Ratings of importance of competencies at different EAM career levels.  
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Early career Mean 3.80 2.79 3.64 4.07 4.23 3.12 3.73 4.38 4.33 4.47 4.17 3.40 2.97 3.78 4.13 4.24 4.36 4.13 3.72 3.39 3.96 
SD 0.53 0.82 0.60 0.88 0.55 0.47 0.71 0.55 0.31 0.54 0.56 0.69 0.92 0.56 0.62 0.69 0.52 0.95 0.76 1.22 1.21 
Middle level 
management 
Mean 4.16 3.55 3.94 4.12 4.30 3.72 3.94 4.36 4.22 4.43 4.05 3.87 3.71 3.99 4.26 4.15 4.24 4.17 3.91 3.74 3.71 
SD 0.71 0.97 0.67 0.66 0.55 0.71 0.69 0.57 0.48 0.60 0.64 0.84 1.06 0.83 0.53 0.61 0.59 0.65 0.96 0.82 0.76 
Senior level 
management 
Mean 4.51 4.24 4.24 4.35 4.36 4.11 4.23 4.31 4.09 4.41 4.20 3.90 4.05 4.30 4.40 4.05 4.18 4.11 3.80 3.95 3.69 
SD 0.47 0.67 0.57 0.65 0.48 0.45 0.59 0.49 0.55 0.39 0.56 0.54 0.87 0.45 0.51 0.45 0.61 0.70 0.83 0.89 0.80 
Executive 
level 
management 
Mean 4.75 4.61 4.44 4.75 4.33 4.60 4.42 4.40 3.25 3.83 3.67 3.53 4.33 4.07 3.67 3.94 4.47 4.53 4.25 4.58 4.20 
SD 0.43 0.42 0.59 0.43 0.38 0.40 0.52 0.53 1.00 1.13 0.76 1.30 0.63 1.01 1.01 0.75 0.61 0.64 0.66 0.52 0.72 
Total Mean 4.19 3.59 3.96 4.19 4.30 3.74 3.98 4.36 4.16 4.40 4.08 3.79 3.69 4.02 4.24 4.13 4.26 4.17 3.88 3.77 3.77 
SD 0.66 1.00 0.66 0.70 0.52 0.71 0.68 0.54 0.54 0.59 0.61 0.79 1.03 0.74 0.58 0.59 0.57 0.69 0.88 0.91 0.84 
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Table 3. Competency framework for personnel in engineering asset management. 
Competency 
category 
Definition Competency 
Self 
Management/Pers
onal Effectiveness 
 
These competencies impact on the effectiveness 
of the individual’s work performance and ability 
to deal with pressures and difficulties that 
emerge in their job. 
 Flexibility 
 Learning orientation 
Achievement and 
Action 
These competencies are directed towards task 
completion.  
 Project management 
 Initiative (a preference for taking 
action and doing more than is 
expected) 
Problem Solving  
 
 
These competencies contribute to the 
identification and resolution of problems that are 
dealt with as part of the job. 
 Conceptual thinking (understanding 
a situation or problem by putting 
pieces together, seeing the large 
picture) 
 Analytical thinking  
 (understanding a situation by 
breaking down into smaller pieces, or 
tracing the implications of a situation 
in a step-by-step causal way) 
 Researching 
 Use of expertise / Deciding 
Influence and 
Persuasion 
 
 
These competencies are directed at others in 
order to achieve individual and collective goals. 
 Relationship building  (Networking)  
 Impact and Influence  
 Team Work and Team Leadership 
 Developing others 
Strategic 
Leadership  
 
 
These competencies revolve around the 
performance of the individual in engaging 
stakeholders, planning and risk managing 
projects, and strategic positioning of the project 
and organisation. 
 Engaging stakeholders  
 Project planning and risk 
management 
 Strategic positioning 
Communication 
 
These competencies reflect oral and writing 
communication skills of individuals at all levels. 
 Oral Communication 
 Written Communication 
Corporate and 
Social 
Responsibility 
These competencies revolve around integrity, 
and the adherence and enforcement of ethical 
values. 
 Adheres to values and principles 
Emotional 
Awareness 
 
 
This category reflects the ability of the 
individual to manage both their own emotions 
and be perceptive and facilitative of others’ 
emotions. 
 Perceive emotions of other 
 Facilitate emotions of others 
 Understand emotions of others 
 Understand one’s own emotions 
 Manage one’s own emotions 
Coping with 
Pressure 
This category reflects that ability of the 
individual to respond appropriately to a 
pressured environment and maintain a balanced 
approach to work and life. 
 Work productively in a pressurised 
environment.  
 Balance the demands of a work life 
and a personal life 
 Maintain a positive outlook at work 
 
 
